DNA-lipid complex membranes from highly purified DNA from salmon milt and cationic amphiphilic lipids showed a high permselectivity toward O 2 . The permselectivity was dependent on types of cationic amphiphiles. The DNAlipid complex membrane consisting of octadecyltrimethylammonium cation (C18TMA) showed a high permselectivity of 26.9.
Introduction
In Hokkaido, Japan, over 1,000 tons of DNA from salmon milt can be produced by a suitable extraction process although they are now being abandoned.
DNA molecules carry an important biological information on genetics of living things with its double-stranded structure consisting of complementary nucleic acid base pairs 1) . On the other hand, DNA molecules have a huge molecular weight so that DNA was reported to be promising polymeric materials to give durable films 2) , and they have been studied in connection with optical devices 3 ～ 6) , electric 7, 8) or ion 9 ～ 11) conductivity, ion permeation 12) , capture of metal ions 13) and endocrine disruptors 13, 14) . It is an indispensable research subject to develop potential utilization of natural resources. Among many applications of DNA, the authors focused their attention on separation membranes made from DNA because membranes will play an important role in environmental and energy related processes 15 ～ 17) . Oxygen/nitrogen separation from air is one of increasingly important membrane separation processes since oxygen-enriched air (OEA) is applied to medical use, chemical industry, refineries, and fermentation and biological digestion processes.
Nitrogen-enriched air (NEA) is used in flammable-liquid storage tanks, tires, and so forth. This paper reports the oxygen/nitrogen separation behaviors through the membranes from DNA-lipid complexes. Water purified with an ultrapure water system (Simpli Lab, Millipore S. A., Molsheim, France) was used for preparing the sample solution. which was confirmed in the present study. From this, it was concluded that the PTFE membrane filter was impregnated with DNA-lipid complex.
Experimental Section

Materials
Preparation of membrane materials
Membrane preparation
Gas permeation
The permeation of O2 and N2 through membranes were measured at 25 ℃ by the vacuum-pressure method using a K-315N-01 gas permeation instrument (Tsukubarikaseiki Co.). The feed gas pressure was fixed to be around 79.5 cmHg (106 kPa) and the initial pressure of the permeate side was kept below 3.8 × 10 -3 cmHg (5 Pa). The effective membrane area was determined to be 2.41 cm 2 , taking into account the porosity of PTFE membrane filter. From the steadystate straight line of the permeation curve, the permeability coefficient P was calculated 18, 19) . Permeability coefficients of O 2 and N 2 in the present study were average data obtained from three to four different measurements.
The ideal separation factor (α O2/N2 ) is defined by 15) α O2/N2 ＝ P O2 / PN 2 where P O2 and P N2 are permeability coefficients of pure O 2 and pure N 2 , respectively.
Results and Discussion
Since mechanical properties of DNA-lipid complex films 20) are reported to be satisfactory for gas permeation, gas permeation experiments were carried out with DNA-lipid complex membranes, which were supported by a PTFE porous membrane filter. From the chemical structures of DNA-lipid complex, it is expected that DNA-lipid complex membranes show high permeability coefficients toward CO2 22) . To this end, single gas permeation through the DNA-C18TMA membrane was also investigated. The ideal separation factor toward CO2 for the DNA-C18TMA membrane (αCO 2/N2 ), for instance, was determined to be 19.2.
Conclusions
DNA-lipid complex membranes from highly purified DNA from salmon milt and cationic amphiphilic lipids showed a high permselectivity toward O2. The permselectivity was dependent on types of amphiphiles. The DNA-lipid complex membrane consisting of octade-cyltrimethylammonium cation (C18TMA) showed a high permselectivity of 26.9. This suggests that DNAlipid complex membranes could be applicable to oxygen-enriched air (OEA) production for medical use, chemical industry, refineries, and fermentation and biological digestion processes.
